Background Knowledge of the anti-microbial susceptibility pattern of common pathogens in a given area helps to inform the choice of empirical antibiotic therapy. The aim of this study was to determine the existence and to describe the characteristics of extended spectrum β-lactamase (ESBLs) in a pediatric hospital in Mansoura University, Egypt, to aid in the choice of empirical antibiotic therapy. Method: Between January 2005 and December 2006, blood samples were collected from children suspected to have nosocomial infections in a pediatric hospital in Mansoura. The gram negative isolates were identified, tested for antimicrobial susceptibility and analyzed for presence of ESBL. Results: A total of 1,600 children with suspected septicemia were studied. Gram negative septicemia was identified in 816 cases (45%). The commonest isolated gram negative bacilli was Klebsiella species (38.2%) followed by Enterobacter species (32.4), Serratia species (16.2%) and Burkholderia cepacia (10.3%). The highest susceptibility was for imipenem (74.3%) followed by gentamicin (70.8%), cefoperazone (64.5%) and cefotaxime (63.2%). The highest resistant rate was for cefazolin and ampicillin/sulbactam (75.5% for each), followed by cefuroxime 70.3% and ceftriaxone (63.5%). The ESBL was found in 44.5% for cefotaxime and 50% for ceftazidime by double discs method. Conclusion: This study highlights the emergence of antibiotic resistant gram negative bacilli in a pediatric hospital with special emphasis on extended β-lactamase resistant strains. Our results show that the most appropriate antibiotics to be used for empirical therapy are amikacin and gentamicin.
Introduction
Sepsis, a common cause of pediatric morbidity and mortality, is a systemic inflammatory response (SIR) to infection. Children with septicemia present with fever, difficult breathing, tachycardia, malaise, inability to feed or lethargy, but those with asymptomatic bacteraemia tend to show no obvious signs of illness [1] . Deaths from pediatric septicemia are likely to be higher in low-income settings.
In a hospital setting, the proportion of septic infections due to gram-negative bacteria (GNB) varies between 30% and 80% whereas infections due to gram-positive bacteria vary between 6% and 24% [2] .
Prompt diagnosis and effective treatment is necessary to prevent death and complications from septicaemia. The results of bacteriological cultures and antibiotic susceptibility tests take about a week, necessitating initial empirical treatment of suspected septicaemia. Knowledge of epidemiological and anti-microbial susceptibility patterns of common pathogens in a given area helps to inform the choice of antibiotics [3, 4] .
Extended spectrum β-lactamase (ESBL) enzymes have been reported in a number of species in gram-negative bacteria. The ESBL enzymes are usually plasmid mediated and are capable of hydrolyzing and inactivating a wide variety of β-lactams, including third-generation cephalosporins, penicillin and aztreonam, but are susceptible to β-lactamase inhibitors such as clavulanate, sulbactam and tazobactam [5, 6] . However, not all ESBL producers are inhibited by those inhibitors, especially for those ESBL belonging to groups other than SHV or TEM betalactamases. Many ESBL producers also carry other genes that confer resistance to other antimicrobial agents such as aminoglycosides and fluoroquinolones [7, 8] . Extensive use of broad spectrum antibiotics, prolonged hospitalization, indwelling devices and severe underlying diseases have been reported as factors that have led to the spread of ESBLs and difficulties in managing severe infections in many parts of the world [9, 10] . Treatment of ESBLproducing bacterial infections can place an added constraint on already overburdened health systems in developing countries. ESBL producing organisms are reported to account for a significant proportion of intensive care infections [11] , and problems related to ESBLs have led to limited as well as expensive treatment options, and have impacted negatively on clinical outcomes [12] . Nosocomial infections due to ESBL producing organisms have been known to cause high mortality [13] .
The present study was conducted to highlight the bacteriological profile of gram negative sepsis and the pattern of antibiotics susceptibility tests in a pediatric hospital in Mansoura, Egypt, over a two-year period.
Materials and Methods
The study included all consecutive blood cultures in children aged 0 to15 years admitted to the Mansoura University Pediatric Hospital from January 2005 to December 2006. A total of 1600 patients were screened. The indication for blood cultures were clinical features judged by the attending clinician to be indicative of sepsis, especially fever without localized lesion.
Bacteriological culture
Blood culture: Specimens for microbiologic investigations were divided equally and inoculated into aerobic bottles (BACTEC PEDS plus/F) and anaerobic bottles (BACTEC Plus/F). BACTEC 9050 (Becton Dickinson) blood culture system was used for aerobic and anaerobic culture. The flagged positive bottles were selected for Gram staining of an aspirate of the broth. Gram negative bacilli isolated from each patient were chosen for further studies. Subcultures were performed on fresh blood agar and incubated aerobically at 37° C. Identification of bacterial isolates was performed by Microscan WalkAway system. The bottles were flagged negative after 5 days and sub-cultured under the same conditions as the positive bottles before being discarded as negative [14] .
Identification by MicroScan WalkAway®-96 System (Dade® Behring, Inc., West Sacramento, CA) using routine testing panels
We used the Microscan identification system for identification of recovered microorganisms. Modified conventional and chromogenic tests were used for the identification of fermentative and nonfermentative gram-negative bacilli. Identification was based on detection of pH changes, substrate utilization and growth in the presence of antimicrobial agents after 16 to 42 hours of incubation at about 35°C.
Susceptibility testing
Microscan System: Antibiotic susceptibilities were determined with commercial dehydrated panels provided by Dade Behring MicroScan (Sacramento, Calif.) according to the manufacturer's recommendations, and interpreted according to NCCLS criteria [15] . The panels were selected on the basis of the concentrations and types of β-lactam drugs in the panel from among a number of panels available to the routine clinical laboratory [16, 17] . The antibiotics aztreonam, cefazolin, cefoperazone, cefotaxime, ceftazidime, ceftriaxone, and cefuroxime were selected as they are potentially useful for the detection and differentiation of the β-lactamases present in GNB strains.
Double discs for determining the Extendedspectrum ß-lactamases (ESBL): A double disc confirmatory test was performed using cefotaxime, cefotaxime-clavulanate, ceftazidime and ceftazidime-clavulanate antimicrobial discs and the results were read as recommended by the NCCLS [18] .
Results
A total of 1,600 children with suspected septicemia were studied. Gram negative septicemia was identified in 816 cases (45%). They were 500 males (61.3%) and 316 females (38.8%). The majority of cases with sepsis were in the intensive care unit (ICU) (25%) and neonatal ward (20%), (Figure 1 ). The main underlying diseases were bronchopneumonia (31.7%), congenital heart diseases (10%), independent diabetes mellitus (8.3%), preterm birth (8.3%), acute leukemia and lymphoma (6.7%), and surgical operations (6.7%). The majority of cases were in age groups <1month (less than 1 month); 1-12months and >1year-5years, which accounted for 33.3%, 25% and 21.7 % respectively ( Figure  2 ). The highest susceptibility for the isolated strains was for imipenem (74.3%) followed by gentamicin (70.8%), cefoperazone (64.5%) and cefotaxime (63.2%). The highest rate of resistant strains was for cefazolin and ampicillin/sulbactam (75.5% for each), followed by cefuroxime 70.3% and ceftriaxone (63.5%) ( Table 2) . As shown in Table 3 , out of the 312 Klebsiella species isolated, 23.1% were resistant to imipenem; the highest resistance was to ampicillin/sulbactam (69.9%) and cefazolin (68.9%).
Of the 264 Enterobacter spp. the highest susceptibility was for gentamicin and imipenem (68.2%), while this species was associated with high resistance to the three classes of cephalosporins (76.9%-86%).
Of the 132 Serratia species, high susceptibility was to gentamicin and imipenem (81.8%) and cefotaxime 72.7%. In contrast, 72.7% of these isolates were resistant to cefuroxime. Among 84 Burkholderia cepacia isolates studied, 68.2% were susceptible to gentamicin and imipenem but showed high (76.9%) resistance to ceftriaxone. ESBLs were detected in 44.5% of all GNB for cefotaxime and 50% for ceftazidime by double discs method (data not shown). 
Discussion
We observed high resistance rates among the commonly isolated GNB to the beta-lactam antibiotics. Klebsiella and Enterobacter spp. were highly resistant to the third generation cephalosporins which are commonly used to treat nosocomial infections and are frequent first-line drugs for patients admitted to the hospital. In fact certain centers use ceftriaxone and ceftazidime as empirical therapy for patients with febrile neutropenia [19, 20] . Burkholderia spp. appears as important as GNB isolated from our patients as they also had similar patterns of resistance to beta-lactam antibiotics. ESBL production appears to be a major mechanism of ceftazidime resistance in strains of GNB as 44.6% were found to be ESBL producers by double-disc screening test. Klebsiella spp. Is a well-known producer and has been previously known to cause outbreaks in ICUs [21] in other countries.
The results of this study indicate that broth micro dilution panels currently available to the clinical laboratory can provide a vehicle for the detection of β-lactamases capable of producing hidden resistance to expanded-spectrum cephalosporins and aztreonam in isolates of E. coli, K. pneumoniae, and K. oxytoca. Similar conclusions were provided by Moland et al. [22] and Wiegand et al. [23] .
Based on data from this study, some guidelines regarding therapeutic choices have emerged. There is a clear indication that GNB isolated from the pediatric hospital are less susceptible to the third generation cephalosporins. Empirical therapy of a patient known to be infected with GNB in our hospital in whom sensitivity information is pending or in whom clinical parameters suggest failure while receiving third generation cephalosporins, may dictate a change of treatment to imipenem or gentamicin or amikacin. The high sensitivity of GNB to imipenem indicates the absence of selective pressure since the drug is rarely prescribed. It is also of note that despite heavy usage, amikacin has retained good susceptibility rates due to its reduced use as empirical therapy and has not exhibited crossresistance with ceftazidime. Thus the role of amikacin in combination therapy for the patients admitted to the pediatric hospital appears to be justified.
Earlier reports have suggested the relation between bacterial resistance with widespread antibiotic use [24, 25, 26] . The most common sites in our study acquiring GNB sepsis were the ICU followed by neonatal units. The highest rate of resistance is often seen in areas with the highest rates of antibiotic prescriptions [27, 28] . Strategies to control increasing antimicrobial resistance rates include limiting the use of antibiotics as reported by Meyer et al. [29] where restriction of ceftazidime use successfully overcame an outbreak of resistant Klebsiella pneumoniae. Restriction and rotation of broad spectrum antibiotics were also found to be associated with a reduction of ventilator associated pneumonia [13] , another major problem in ICUs. Although it may appear theoretically simple to address the problem of increasing resistance by withholding or restricting antibiotic use, this approach is probably not practical when dealing with patients where initial empirical broad spectrum therapy is clearly required while awaiting culture results.
Studies have shown that inadequate antibiotic therapy or a delay in initiating appropriate therapy is associated with increased risk of mortality in patients admitted to the ICU [30, 31] . Namias et al. [16] reported on the practice of using an imipenem-gentamicin combination for empirical treatment of sepsis in his surgical ICU followed by de-escalation to a more narrow-spectrum antibiotic when culture results were available, usually after 48 to 72 hours. The role of strict infection control practices can not be over-emphasized, especially when cross-contamination is a major mode of acquisition of multi-resistant bacteria [32] . Additional steps to address the growing threat of antibiotic resistant GNB include monitoring resistance trends in major pathogens on a continuous basis and modification of institutional antibiotic formularies as required. This study highlights the emergence of antibiotic resistant GNB in a pediatric hospital in Egypt with special emphasis on extended beta-lactamase resistant strains. It seems that the most appropriate antibiotics to be used for empirical therapy are amikacin and gentamicin.
